Pain modulation by placebo mechanisms is one of the most robust and best-studied phenomena, yet almost all research investigating the mechanisms and implications of the placebo analgesia are based on adult research. After highlighting crucial aspects that need to be considered in studying pain modulation in children, this comprehensive review examines studies related to pain modulation with an emphasis on factors such as age, neural development and pain measures. We critically discuss psychological mechanisms underlying placebo effects, including (1) verbally induced expectations, (2) conditioning and learning mechanisms, and (3) child-parent-physician interactions. Taken together, research suggests that placebo mechanisms can affect therapeutic outcomes and potentially be exploited clinically to improve clinical outcomes in pediatric population. Recommendations for further investigating the mechanistic bases and harnessing placebo effects for supportive therapeutic applications are given.
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Introduction
Laboratory research on placebo effects has provided extensive evidence about mechanisms underlying these neuropsychosocial phenomena, which produce behavioral changes and potentially pain and other symptom improvement [14, 28, 23, 15] . Placebo research, defined as the investigation of the mechanisms underlying suggestive and conditioned healing processes [15] , has been mostly done in adults, and it remains unclear how and to what extent children form placebo effects [10, 76] [68] , and syncope [63] . On the other hand, it is important to understand whether the placebo mechanisms that have been explored so far are uniquely important for adults as opposed to children. In adults, placebo analgesia occurs via anticipation of pain relief, first-hand analgesic experiences via conditioning, observing pain reliefs in others and interpersonal interactions [16] . Verbal suggestions of benefit (eg, reduction of pain) induce positive expectations (eg, analgesia) that can activate top-down mechanisms and culminate in outcome improvements. Typically, in adults, direct experience of benefit via conditioning induces stronger placebo analgesic effects compared to verbal suggestions alone [18] [19] [20] . When conditioning paradigms involve repetitive exposure to pharmacological treatments, a placebo given after painkillers (eg, morphine, ketorolac) produces effects mirroring the behavioral and therapeutic changes associated with the drug administration in both humans and animals. Interestingly, observation of a benefit in another person produced placebo effects that are similar to those http://dx.doi.org/10.1016/j.pain.2014.08.036 0304-3959/Published by Elsevier B.V. on behalf of International Association for the Study of Pain.
